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ABSTRACT
Dynamical changes in the solar corona have proven to be very important in induc-
ing seismic waves into the photosphere. Different mechanisms for their generation have
been proposed. In this work, we explore the magnetic field forces as plausible mecha-
nisms to generate sunquakes as proposed by Hudson, Fisher & Welsch. We present a
spatial and temporal analysis of the line-of-sight magnetic field variations induced by
the seismically active 2003 October 29 and 2005 January 15 solar flares and compare
these results with other supporting observations.
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1 INTRODUCTION
Over time the study of the Sun has revealed the re-
lationship between the magnetic field inside the Sun
and the processes that occur in the upper layers of
the solar atmosphere. Apparently, this relationship
works in both directions. Recently, the influence of
flares on the solar photosphere and the solar inte-
rior has been determined (Kosovichev & Zharkova
1998; Donea & Lindsey 2005; Donea et al. 2006;
Moradi et al. 2007; Mart´ınez-Oliveros et al. 2007;
Mart´ınez-Oliveros, Moradi & Donea 2008). This rela-
tionship is partly seen in the seismicity of the active regions
that hosted the flare. In this context, seismicity is defined
as the surface manifestation of the refracted back to the
surface acoustic waves induced by the flare.
Various scenarios have been proposed to explain the
solar seismicity, and in particular to explain the absence
of seismic activity in a majority of flares. Under these as-
sumptions, sunquakes can be generated by different physi-
cal processes: i) Kosovichev & Zharkova (1998) argue that
sunquakes are generated by chromospheric shocks result-
ing from the explosive ablation of the chromosphere by
high-energy electrons. This shock propagates through the
photosphere and into the solar interior; ii) Donea et al.
(2006) suggested that the sudden heating of the low photo-
sphere (back-radiative warming (Machado et al. 1989)) con-
tributed to seismic emission into the solar interior; iii) the
direct interaction of high-energy protons with the photo-
sphere, observed in some flares seismically active, has also
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been proposed as a possible mechanism of seismic exci-
tation (Donea & Lindsey 2005; Zharkova & Zharkov 2007);
iv) finally, Hudson, Fisher & Welsch (2007) have recently in-
troduced an alternative idea for the coupling of flare en-
ergy into a seismic wave, namely the “McClymont magnetic
jerk” produced during the impulsive phase of acoustically
active flares. The jerk is produced when the coronal loop
collapses and the magnetic field lines relax, reducing the
total amount of magnetic free energy in the system. This
relaxation makes the field lines in the photosphere become
“more horizontal”. Therefore, changes in the Lorentz force
on the photosphere may excite acoustic waves into the sur-
face and subsurface of the Sun. Based on this work and
previous results from Sudol & Harvey (2005) and Hudson
(2000), Hudson, Fisher & Welsch (2007) estimated the me-
chanical work applied to the photosphere by a sudden coro-
nal restructuring. The energy estimates are similar to those
based on our helioseismic observations (Donea & Lindsey
2005) and suggest that the “McClymont Jerk” can account
for the seismic activity of solar flares.
In this Letter we expand upon the work of
Sudol & Harvey (2005) on flare-associated magnetic field
changes by making temporal and spatial studies of the
line-of-sight magnetic field of two very well studied ac-
tive regions associated with sunquakes. We follow the
steps described in Sudol & Harvey (2005), using data from
the Michelson Doppler Imager (MDI) onboard the So-
lar and Heliospheric Observatory (SOHO), and compare
these results with helioseismic holography images for the
specified flares (Donea & Lindsey 2005; Moradi et al. 2007;
Mart´ınez-Oliveros & Donea 2008) and Global Oscillations
Network Group (GONG++) Intensity continuum.
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Figure 1. Top Left: SOHO–MDI magnetogram of the active re-
gion AR10486 at 20:43 UT. Top Right: 5–7mHz egression power
map at 20:46 UT. Bottom Left: SOHO–MDI magnetogram dif-
ferences at 20:43:30 UT. Bottom Right: 5–7mHz GONG++ In-
tensity continuum power map at 20:44 UT. The area analysed
is represented by the white box. The arrow points to the main
acoustic kernel.
This Letter adds new results to our previous work
(Mart´ınez-Oliveros & Donea 2008). Our aim is to deter-
mine whether there are any persistent changes in the mag-
netic field associated with two major flare generated seismic
sources.
2 OBSERVATIONS AND ANALYSIS
Sunquakes, are a phenomena associated with highly impul-
sive and abrupt processes. So, in order to determine the
influence of the variation of magnetic field (McClymont
Jerk) in their generation it is necessary to correlate the dif-
ferent spatial and temporal properties of different signals
(magnetic, acoustic, etc.). First, we created time variation
plots of the magnetic field as described in Sudol & Harvey
(2005), looking for changes in the line-of sight magnetic field,
which could lead to a seismic response of the solar photo-
sphere. We use for this study SOHO-MDI datasets which
were remapped to a postel projection centred at the seismic
source. Then, we analysed an area of 40×40 pixels covering
the main features of the seismic source. We employed maps
of acoustic power and egression power of the seismic sources
as detailed in Donea & Lindsey (2005); Moradi et al. (2007);
Mart´ınez-Oliveros & Donea (2008).
From previous investigations (Kosovichev & Zharkova
2001; Sudol & Harvey 2005), we know that the time vari-
ation of the magnetic field changes during flares can be
represented by a first order step-like function. Following
Sudol & Harvey (2005), we fitted for each individual pixel in
the analysed 40× 40 pixels area, the temporal profile of the
magnetic field with the following step-like function using a
Levenberg-Marquardt least-squares minimisation algorithm,
Figure 2. Top Left: SOHO–MDI magnetogram of the active re-
gion AR10720 at 00:44 UT. Top Right: 5–7mHz egression power
map at 00:48 UT. Bottom Left: SOHO–MDI magnetogram dif-
ferences at 00:44:30 UT. Bottom Right: 5–7mHz GONG++ In-
tensity continuum power map at 00:40 UT. The area analysed is
represented by the white box. The arrow shows the position of
the main acoustic kernel.
B(t) = a+ bt+ c
{
1 +
2
pi
tan−1[n(t− t0)]
}
(1)
where a and b account for the strength and the evolution of
the background field, t0 is step half-time, c is the half-size of
the step and n is related to the slope of the step function. As
we are interested in correlations between the seismicity pre-
sented by the active region and the change of the magnetic
field, we restrict our analysis to those pixels for which the
value of the parameter t0 was range between ±10 minutes
from the time reported by GOES as the maximum.
Then, we have generated a map with pixel-size areas
where we measured step-like magnetic field variations. Ac-
cordingly to Hudson, Fisher & Welsch (2007) these areas are
good candidates for the generation of sunquakes. If these
changes are associated with the generation of sunquakes
they should be located in regions where the excess of acous-
tic power is observed. We are going to apply the best-fitting
method described in equation (1) to two seismic events that
occurred on 2003 October 29 and 2005 January 15.
2.1 The highly seismic events of 2003 October 29
and 2005 January 15
In 2003 the active region AR10486 hosted two flares with
GOES soft X-ray intensities of X17 and X10 on 28 and 29
October, respectively. Donea & Lindsey (2005) studied the
seismicity of these flares, detecting two sunquakes induced
by these flares. The seismic region produced on 29 Octo-
ber was composed of a single compact source located close
to the east end of the active region as identified in egression
power maps obtained by the local technique named helioseis-
mic holography (Donea, Braun, & Lindsey 1999). The flare
began at 20:41 UT, reaching maximum at 20:49 UT and
c© 2002 RAS, MNRAS 000, 1–5
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Figure 3. Top image: l-o-s magnetic field at a fixed y-pixel. The
magnetic field transient can be seen as a black spot close to the
line representing the time of GOES soft X-ray maximum emission;
see below. Bottom image: Top frame: SOHO/MDI l-o-s magnetic
field profile of the main acoustic kernel. The middle frame: Time
variation plots of the SOHO/MDI l-o-s magnetic field of repre-
sentative points from figure 1. A fit to the mean value of the data
is plotted as well. Bottom frame: Time series of the 5–7 mHz nor-
malised egression power of each representative point. The solid
curve represents the egression power integrated over the main
acoustic kernel. The three vertical lines in both plots represent
the start (20:41 UT), maximum (20:49 UT) and end (21:01 UT)
of the solar flare according to the GOES X-ray flux.
finishing at 21:01 UT. The seismic source developed to its
maximum around 20:43 UT as reported by Donea & Lindsey
(2005). Figure 1 shows the morphology of the magnetic
AR10486 in the form of a SOHO MDI magnetogram, an
egression power map at 6 mHz and an intensity continuum
power map. Magnetic differences during the flare are also
shown clearly identifying regions where the magnetic field
changed. The area of interest is shown by the white rectangle
in Figure 1. In all maps one can see the localised response of
the photosphere (magnetic, acoustic and white light) to the
impulsive flare. Remarkably, there is strong spatial correla-
tion between the seismic source (indicated by the arrow) and
the white light power signature (Donea & Lindsey 2005).
Following the studies of Sudol & Harvey (2005) we have
examined the temporal profile of the magnetic field over
each pixel in the area shown by the rectangle in Figure 2.
Similarly, step-like changes in the magnetic field have been
Figure 4. Top image: l-o-s magnetic field at a fixed y-pixel. The
magnetic field transient can be seen clearly as a white spot under
the solid line representing the time of GOES soft X-ray maximum
emission, see below. Bottom image: Top frame: SOHO/MDI l-o-s
magnetic field profile of the main acoustic kernel. The five middle
frames: Time variation plots of the SOHO/MDI l-o-s magnetic
field of representative points as discussed in the text. A fit to the
mean value of the data is plotted as well. Bottom frame: Time
series of the 5–7 mHz normalised egression power of each repre-
sentative point. The solid curve represents the egression power in-
tegrated over the main acoustic kernel. The three vertical lines in
both plots represent the start (00:22 UT), maximum (00:43 UT)
and end (01:02 UT) of the solar flare according to the GOES
X-ray flux.
identified in some pixel-size areas of this active region. One
MDI pixel represents about 1.4 Mm spatial resolution. Fig-
ure 1 shows the relative position of these pixels in maps
of different emissions. We found that no pixel with a clear
step-like behaviour of the magnetic field appears inside the
detected seismic regions. This results casts doubt on whether
the “McClymont magnetic jerk” can account for the seismic
activity of the 2003 October 29 solar flare.
The second flare of interest, occurred on 2005 Jan-
uary 15 in the active region AR10720, which produced 5
more X-class solar flares. Besliu-Ionescu et al. (2006) and
Moradi et al. (2006a,b) reported a powerful seismic tran-
sient generated by the X1.2 flare of January 15. Proper-
ties of the seismic ripples generated by this event were
later analysed by Kosovichev (2006). Moradi et al. (2007)
c© 2002 RAS, MNRAS 000, 1–5
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and Mart´ınez-Oliveros & Donea (2008) compared the seis-
mic source morphology with other supporting observations.
They emphasised the spatial coincidence between the strong
compact acoustic source and signatures of hard X-ray emis-
sion, suggesting that high-energy electrons played an im-
portant role in triggering the seismic event. Also, it was
shown that the acoustic emission occurred at the location of
conspicuous white-light signatures, suggesting that the ra-
diative back-warming mechanism was also relevant in trans-
porting energy into the low photosphere.
Using the best-fitting method described in equation (1)
we have searched for any abrupt and permanent changes in
the magnetic field of the seismic areas of AR10720 shown by
the arrow in Figure 2. We have detected few points with a
significant step-like function (∆B ≈ 250 G) offset from the
seismic structures. A fitting parameter t0 = ±10 minutes off
the flare maximum (00:43 UT) has been taken. In addition,
the steepening happened in a gradual manner and it was
not sudden as required for the generation of seismic waves
(Donea & Lindsey 2005).
Temporal profiles of the line-of-sight (l-o-s) magnetic
field of the representative points and of the highly seismic
regions are shown in Figures 3 and 4. We also include the
best-fit of equation (1) to the plots to illustrate the field
changes. Most of the pixels in the maps showing fast changes
in the magnetic field (left bottom panels in Figures 1 and 2)
display transients. We also show the time variation of the
egression power, which is the signature of any seismic source
at the corresponding location. As the representative points
are located in regions of the outer penumbra or quiet sun,
the 6 mHz egression power of each pixel becomes comparable
with the emission of the sunquake. This fact is clearly seen
in Figure 3.
3 DISCUSSION
In the last year, seismicity induced by solar flares of dif-
ferent intensities, from M6.7 to X17, has been observed
(Donea & Lindsey 2005; Donea et al. 2006; Moradi et al.
2007; Kosovichev & Zharkova 1998; Mart´ınez-Oliveros et al.
2007; Mart´ınez-Oliveros, Moradi & Donea 2008). Different
mechanisms of generation for seismic waves have been pro-
posed and it is clear that in all of them the magnetic field
plays not only an important, but a decisive role. The dy-
namical character of the magnetic field is perhaps a princi-
pal phenomenon in all of these mechanisms. These dynamic
changes are, according to Hudson, Fisher & Welsch (2007),
responsible for the seismic emissions observed on the solar
surface.
We analysed two seismically active solar flares, and
studied the variations of the line-of-sight magnetic field look-
ing for sudden changes in the value of the magnetic field
strength. We studied the temporal and spatial properties of
the pixels associated with these variations and their corre-
lation with proxies of the seismicity, such as excess in white
light emission and magnetic transients. In both cases we
found a good temporal correlation between the magnetic
field variations and the maximum of the GOES soft X-rays
flux. However, we did not find a good spatial correspondence
between the representative points and the sunquakes acous-
tic emission at 5–7 mHz; and what is more interesting, these
pixels do not correlate spatially with the magnetic transients
observed in the magnetic differences. In the case of the 2003
October 29 flare, the representative points are localised near
the seismic source, similar to what Sudol & Harvey (2005)
identified. The 2003 October 29 solar flare shows the desired
behaviour for the McClymont jerk effect “to work”, a sud-
den change in the l-o-s magnetic field strength. In the case of
the 2005 January 15 solar flare, the representative points are
dispersed all over the analysed region, presenting no spatial
correlation with the seismic sources. These results show that
a substantial step-like change in the magnetic field strength
cannot always be associated with a seismic source during a
flare. Transient magnetic events seem to dominate the seis-
mic areas of the 2005 January flare. They have also been
detected in a number of flares, some of which were acousti-
cally active and others of which were not (detectably). These
magnetic signatures are spatially and temporally consistent
with the acoustic signatures. However, we question the re-
liability of the magnetic signatures during and some time
following a white light flare.
Another interesting aspect is related to the suddenness
effect: Are the impulsive changes of the magnetic field of
the order of minutes (10 minutes in the cases of the 2003
October 29 and 2005 January 15 solar flares) sudden enough
to generate seismic waves via the Lorentz magnetic force?
Limited by the existing observations, we conclude that
the “McClymont jerk” mechanism may still contribute, in
parallel with the chromospheric shocks driven by sudden,
thick-target heating of the upper and middle chromosphere
(Kosovichev & Zharkova 1998; Donea & Lindsey 2005) and
the “back-warming,” to building enough strength to trigger
a seismic source.
These results also show that it is necessary a more de-
tailed study of the magnetic field fine structures and their
temporal variation is required, making use of the photo-
spheric vector magnetograms as provided for example by
Hinode. This will make it possible to study the real changes
in the magnetic field configuration and structure. Eventually
these kinds of studies could lead us to an understanding of
the role of magnetic forces in enhancing the seismicity of
flaring active regions.
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